Is altered dopamine transmission a pre-existing vulnerability trait for addiction? Preliminary support for this hypothesis has been provided by recent neuroimaging studies. While most effects remain to be replicated, there is now evidence that, compared to healthy controls, people at familial risk for substance use disorders exhibit both increases and decreases in striatal dopamine function. The following review assesses the strength of this evidence, considers explanations for discrepant results, and discusses potential implications for understanding pathways to addiction.
Introduction
Is altered dopamine (DA) transmission a pre-existing vulnerability trait for addiction? There have been reasons to propose this. In animal models DA transmission increases the motivation to engage with reward related stimuli [1] [2] [3] , promotes forms of motor impulsivity [4] , and is altered in rodents exhibiting a greater tendency to self-administer drugs of abuse [5] . Now, recent neuroimaging studies raise the possibility that, in humans too, perturbed DA transmission occurs in those at risk for addictions before the onset of the disorder. The strength of this evidence and potential interpretations are considered below.
The dopamine hypothesis of addiction
The primary DA hypothesis of addiction proposes that DA transmission becomes disproportionately tied to addiction related events [1] [2] [3] 5] . This might arise as either an absolute or relative increase in DA transmission [6] . In the absolute elevation model, DA system reactivity is higher in people at high vs. low-risk for addictions, increasing their pursuit of rewards including the likelihood of trying drugs of abuse. In the relative elevation model, DA system reactivity is muted such that only quite potent rewards, such as drugs and drug-paired cues, can engage it. In both models, a combination of conditioning and sensitization ties DA reactivity to the drug-related events, steering behavior toward a narrowed repertoire of drug seeking [5] . In both models, the initiation of compulsive drug pursuit follows from drug-and cue-induced DA transmission that is elevated (absolute or relative) [1, 5, 6, 7 ].
Defining risk for addictions
All but one of the studies discussed below defined risk for addictions as having a family history of substance use disorders (SUDs). Of note, familial risk is a multifaceted concept, including inherited genes and effects of growing up with people who have substance use problems. Not surprisingly, the magnitude of risk is related to the density of affected relatives. In the studies discussed here, density ranged from a minimum of one to multiply affected generations and from one to three affected relatives. Additional risk factors included age of onset of substance use (two studies), presence vs. absence of stimulant drug use (one study), low sedative responses to a large drink of alcohol (one study), and impulsivity related personality traits (one study) (see Tables 1 and 2 ). Variation in these factors might have affected the population sampled and the results obtained. Since disentangling the contributions of these factors will require more study, the focus here is on the combined influence of familial SUDs.
Dopamine transmission in people at familial risk for addictions Dopamine DR2 availability
Six positron emission tomography (PET) [ 11 C]raclopride studies measured striatal D2 receptor availability in people selected for being at risk for addictions (Table 1) . Four observed no differences between the high and lowrisk subjects [8,9 ,10 ,11 ], while two found evidence of increased striatal D2 receptor availability in the high-risk groups [12, 13 ]. The authors of the latter two papers 
